The fate of coal combustion residuals (CCRs) in North Carolina and the rest of the United States is noteworthy, particularly in light of the recent spills in Eden, North Carolina, and Kingston, Tennessee. The safe storage of coal combustion residuals should be a priority of the state and the federal government, in order to protect the drinking water of citizens from contaminants, like arsenic, lead, cadmium, selenium, and mercury.
I. Coal ash disposal in North Carolina prior to Senate Bill 729
The state of North Carolina's coal ash disposal regulation prior to Senate Bill. 729 was a dysfunctional one. An Environmental Protection Agency (USEPA) study conducted in 2009 and reported in 2014 ranked the hazardous potential of coal combustion disposal sites in North Carolina in the interest of public safety.
2 Of the total facilities analyzed, eleven coal ash impoundment facilities were rated at a "significant" hazard rating, and three others were rated at a "high" hazard rating.
3 A letter was sent to the North Carolina Department of Energy and Natural Resources (DENR), now Division of Environmental Quality (DEQ), giving them notice of not only the impoundments hazard potential, but the final report condition rating (FRCR), an overall assessment of the facilities engineering status. 4 In this assessment six facilities were found to be of fair FRCR rating and two were found to be of poor quality. A fair rating signifies that "minor deficiencies may exist that require remedial action and/or secondary studies or investigations" but a poor quality rating indicates "remedial action is necessary" and "further critical studies or investigations are needed to identify any potential dam safety deficiencies. "
5
The hazard ratings referenced above are based on the Federal Emergency Management Agency's guidelines, with a significant hazard rating indicating "those dams where failure or mis-operation [would result] in no probable loss of human life but can cause economic loss, environmental damage, disruption of lifeline facilities. "
6 The dams associated with a significant hazard rating tended to be in rural areas, where the relatively isolated location minimizes the probability of injury to human life.
7 The same guidelines hold that a hazard rating of high signifies that "failure or mis-operation will probably cause loss of human life. "
8 As above, one of the main guidelines for determining whether the failure of the dam or impoundment would constitute a probable danger to human life is the proximity to significant centers of human habitation.
9 While in terms of human danger high hazard dams would seem to require priority in any legislative response, those of an objectively lower risk still pose a danger to the ecosystems surrounding them.
In addition to the questionable structural integrity of North Carolina coal ash facilities, the disposal of coal combustion residuals (CCRs) in North Carolina prior to 2014 was cause for concern. In a report by EarthJustice dating to August 2011, a state-by-state comparison showed that North Carolina ranked tenth on the list of the top twelve most dangerous states, with Alabama, Illinois, and Georgia being the top three.
10 In the case of North Carolina, the most critical deficiencies were a lack of groundwater monitoring requirements for landfills and ponds, a requirement for composite liners at ponds (although these were required for landfills), and financial assurances in place for coal ash ponds in case of containmen failure.
11

 Letter to North Carolina Department of Energy and Natural Resources, dated //, Environmental Protection
Agency http://www.epa.gov/wastes/nonhaz/industrial/special/fossil/surveys/statelet/nc_denr_let.pdf (accessed September ,  
II. Coal ash disposal changes made in Senate Bill 729
With the passage of the Coal Ash Management Act on September 20, 2014, many regulations governing the treatment, storage, or disposal of CCRs in North Carolina were changed.
12 Firstly, in sec. 130A-309.208 the construction or expansion of CCR impoundments is prohibited, along with their disposal on site, discharge of storm water into coal ash ponds at either active or closed facilities, and the liquid disposal of CCRs of different types are gradually phased out, starting in 2018 and continuing until 2019.
13 With the production of and storage of different types of coal ash halted, the bill next addresses the substantial quantity of coal ash remaining in surface impoundments across the state. The next section, 130A-309.209, mandates groundwater testing at impoundment facilities to detect any significant leaks as well as the implementation of corrective action within thirty days of an improvement plan being approved by the Department of Public Safety.
14 In addition to the above, specific mention is made of discharges that have not been identified, reported, and may be draining into waters of the state.
15
With the immediate and ongoing concerns over drainage into waters of the state addressed, the bill next delineates the closure of all surface impoundments at power production facilities in North Carolina. In order to accomplish this goal the sites are ranked in a similar manner to the USEPA's study, in that those facilities deemed to pose the highest risk to the public are ascribed highest priority for closure.
16 Timelines are established for the closure of all surface impoundments, starting with high hazard impoundments being required to either store safely onsite (using methods that will be discussed shortly) or removal and remediation of the area by December 19, 2019. 17 Intermediate and low risk impoundments are required to be closed no later than December 19, 2024, and December 19, 2029 , respectively with similar procedures to the previous section in terms of storage or remediation.
18 These are the relevant matters within the Coal Ash Management Act, namely, the prioritized closure of coal ash impoundment facilities within North Carolina and the regulations governing the closure.
With the egress of massive amount of CCRs from impoundments both within the state and other neighboring states, the question of where to deposit coal ash remains one with several candidate answers. The first and immediate solution is to securely transport the coal ash for storage in a preexisting landfill. While simple to implement, this strategy is a costly and laborious process, with the additional concern being leakage from existing storage facilities or improper transportation procedures resulting in discharge. A second option would allow industries to dispose of smaller amount of CCRs as structural fill in construction projects throughout the state. Various building projects can incorporate and thereby reuse CCRs, for example, construction of transportation infrastructure for roads or railroads, foundations immediately underneath buildings, erosion control systems, berms for noise or otherwise screening off areas, and pipeline construction.
19 The benefits of using CCRS as structural fill sites are not only economic; they reduce the burden on already heavily taxed landfills, as well as the demand for creating additional fill materials like concrete, sand, compacted clay, or other aggregate that would otherwise serve as structural filler.
20 In terms of the economy of energy expenditure, the reuse of CCRs is far more energy efficient than the mining, processing, and transportation of new materials to the construction site.
21 Additionally, the environmental ethic of recycling rather than simply using and disposing is a powerful argument in favor of sustainable practices such as repurposing CCRs into structural fill materials.
Returning to North Carolina legislation, the Coal Ash Management Act contemplates CCRs being reused as structural fill and even posits requirements for its use.
22
Section 130A-309.216, later codified as section 130A-309.220, is entitled " [d] esign, construction, and siting requirements for projects using coal combustion products for structural fill. "
23 Several important requirements are enumerated within the section, complete with subsections devoted to design, construction, and operation of the sites, one devoted to liners, a leachate collection system, and groundwater monitoring requirements, and lastly the siting requirements. A few notes will be made on the first and the third subsections, before shifting the to focus on the effectiveness and safety of current storage techniques.
The first subsection details the physical parameters of the coal ash structural fill sites in a straightforward and informative manner.
24 Guidance as to the minimization of migration of CCRs from their place of origin to their eventual resting place are established, for example, using covered trucks and moistening the material prior to transport.
25 Additionally, the construction project must adhere to other environmental guidelines, like the Sedimentation Pollution Control Act of 1973 and other requirements laid out in environmental permits submitted to the state for review and approval. A state permit is required for using CCRs as structural fill, as laid out in section 130A-309.219. of the North Carolina General Statutes.
27 Importantly, the permitting regulations draw a distinction between allowing construction of sites using less than 8,000 pounds per acre or less than 80,000 total pounds per project CCRs as structural fill. These relatively small sites are allowed to proceed under a permitting process prior to construction; however, the requirements for the smaller sites are less extensive than those of more than 8,000 pounds per acre or 80,000 pounds per project. Although they may still need to conform to other permitting standards, like construction and sedimentation permits, the smaller sites need only provide the physical characteristics of the site, a toxicity characteristic leaching procedure (TCLP) analysis, and signed consent of the owner of the land in order to proceed.
28 These requests for a permit are sent to the Department of Energy and Natural Resources, newly renamed the Department of Environmental Quality.
29 The larger sites must also secure a permit before construction, specifying all the information required of the small sites like location, nature, purpose, owner of the property, start and completion dates, and the TCLP.
30 In addition to these requirements, the larger sites are required to submit construction plans including a stability analysis and the implementation of both a groundwater monitoring system and an encapsulating liner system, similar to the storage requirements found in section 130A-309. 220.
31
The third subsection in section 130A-309.220. concerns siting requirements, or the placement of CCR deposits in light of concerns over groundwater infiltration and public safety.
32 With these priorities in mind it comes as no surprise that the prohibitions include situating a site within 300 feet of any private well, 50 feet from the bank of a perennial stream or other surface water (an intriguing requirement in light of the USEPA's new 'Waters of the State' definition), and no closer than four feet from the seasonal high groundwater mark in a given location.
33 Additionally, the site cannot be located within 50 feet of a wetland, a prohibition that will no doubt cause some difficulty in eastern North Carolina. An exemption is possible if the Army Corp of Engineers studies the chemical and physical impacts of construction, and concludes that no unreasonable potential for wetland contamination exists.
34
Subsection (b), the main focus of this article, concerns liners, leachate collection systems, caps, and groundwater monitoring requirements.
35 These requirements are likely put into place for several reasons, the first of which is to minimizing the spread of CCR-based pollutants into local water supplies by the leaching of CCRs from the surface of the structural fill projects by groundwater. A priority on encapsulation leads to the implementation of practices incorporating new technologies to minimize groundwater infiltration. Perhaps one of the most important of these new technologies is the geotextile membrane put down before any CCRs are deposited and, in some cases, also put in place as a cap after deposition.
36 The system at the base of a CCR deposit operates in a two-stage process. The first is the geomembrane liner, whose purpose is to limit the amount of leachate released by rain and other water infiltrating through the top layer and out the bottom.
37 The second stage is the leachate collection system, designed to collect any leachate that does escape the liner and transport it off-site to a treatment works, thereby keeping local water resources safe.
38 The question of the efficacy of geotextile liners in general and their effectiveness in comparison to the previous practice of compacted clay liners, is highlighted in the next section.
III. Compacted clay liners
Prior to the invention and widespread adoption of synthetic liners a compacted clay liner was used in most waste disposal sites.
39 These efforts are comprised of multiple stages, including choosing the compaction material, preparing the material for deposition, depositing and compacting the material to the appropriate density, and lastly considering any remediation for problems that might develop in the future.
40
In terms of choosing the compaction material, the physical properties of the soil, for example particle size and plasticity, are taken into consideration.
41 The compaction material is either transported to the disposal site or preexisting soil layers will be excavated and prepared on-site if the properties of the native soil are favorable enough.
42 Next, the actual waste material is analyzed and any chemical interactions with it and the compaction material are considered, since in some cases the waste product can deform the compaction layer, leading to an increase in hydraulic conductivity (i.e., leaking liners).
43 After the material is selected and passes the testing phase it is prepared for deposition. Particles that are of the wrong gauge (either too large or too small) are removed such that the material maintains its uniform physical and chemical properties.
44 Bentonite clay can also be added to the mixture of compaction materials in order to gain its slight remedial properties of swelling around and sealing small perforations or cracks.
45
After the material is prepared the next step in a deposition action is to prepare the subgrade surface.
46 A subgrade surface is the surface upon which the compacted clay liner is placed. The most important process in this preparation is the compaction of the soil by either a fully penetrating operation, a semipenetration operation or a smooth-flattening operation.
47 A counterintuitive aspect of this process is that maximum compaction is not always desired, as the saturation and compaction of bentonite clay layers can only occur if some moisture is able to penetrate through to the clay. In areas where the deposition layers, called lifts, are on an incline or meet geological formations requiring anything but a level surface, additional layers of material are deposited as a safeguard against breaches of the liners integrity.
48
After these layers have been deposited two main concerns present themselves, root intrusion and desiccation cracking.
49 Cycles of freezing and thawing of the compacted layer can cause desiccation cracks to form in the layer, allowing deposited materials to leach out into the surrounding soil. In a similar manner, surrounding root systems can eventually pierce the compacted clay layer and leachate can travel along the channels created into the surrounding soil. These concerns prompted the adoption of geomembrane layers, whose effectiveness in dealing with these problems we turn to next.
IV. Geotextile liners
A geotextile liner is type of synthetic, woven textile designed for resistance to hydraulic infiltration. 50 The layer between the two textile outer layers is typically composed of bentonite clay or another soil with very low permeability.
51 Bentonite is used between the layers of the geotextile sheet because it is highly absorbent and has a particular reaction to water that allows it to attract water and swell slightly, thereby impeding the total flow and even healing damage or perforation to some extent.
52 The geotextile is affixed to the bentonite clay layer by either the application of an adhesive if there is a single layer or needle-punched (i.e., sewn), stitchbonded, or a double layer of adhesives in formations requiring two layers sandwiching the bentonite clay core. Concerns about any form of stitching putting small holes into the geotextile are alleviated by the presence of bentonite clay, which swells slightly with contact with water and seals them shut. single layer, or one of the outer layers in waste disposal site, or used as a barrier at a structural fill site.
54
Numerous studies have been conducted on the effectiveness of geotextile liners of every possible make and model. Several findings are highlighted below. Of paramount concern is the geographic area in which the studies are conducted, as geologic and climactic concerns can greatly influence the integrity of the liners, for instance in areas with significant freeze/thaw cycles. Additionally, oversaturation and improper placement are concerns when considering the choice of liner. As such, it is necessary to locate water tables and ensure proper installation procedures are followed in order to minimize potential risks.
A. Australian Department of Civil Engineering/Monash University Study
The first study of note was conducted in 2001 at the Department of Civil Engineering at Monash University, Australia.
55 While the environment of the area is not an exact match it provides a good basis upon which to build a foundation of understanding. The main advantages of a geosynthetic liner are highlighted, namely, low cost, good compliance rate, and easy installation.
56 Against these, the disadvantages include low shear strength and susceptibility to mechanical damage during the installation process.
57 The bentonite layer's ability to repair itself in the event of small punctures of 30 mm or less is highlighted; however, this ability is impaired if ion exchange occurs between the bentonite and a hydraulic substance contained inside.
58 Additionally, fluctuations in mass/area distribution can cause the bentonite layer to compress to an extent where it no longer provides optimal hydraulic permeability protection.
59
The study concluded that although compacted clay liners were inferior in many respects to geosynthetic liners, the newer liners were not without problems and do not constitute a perfect replacement.
60 A table was made that listed the areas where geotextile liners were superior to, inferior to, and probably equivalent to compacted clay liners.
61 The only noted instances out of a total of twenty-four criteria where a geotextile liner exhibited inferior performance were in puncture resistance, containment transport issues relating to material integrity, and chemical compatibility with the contained substance.
62 The superior performance of geotextile liners relative to the compacted clay in the remaining twenty different categories argues strongly in favor of their utilization as a containment barrier; however, caution should still be exercised to safeguard against the concerns noted above. 
B. First study looking at the effect of freeze-thaw cycles on hydraulic conductivity of bentonite geotextiles
Both the current and following study concentrate on the impact of freeze-thaw cycles on the structural integrity of geotextile liners. These cycles are important in the study of liner integrity, because, with few exceptions, most regions where waste is disposed utilizing liners are subject to at least a few freeze-thaw cycles in an average year. While the results of the studies are now likely common knowledge among soil and waste disposal specialists, at the time laboratory testing was a necessary prerequisite to the technology's implementation in order to showcase geotextile's advantages over compacted clay liners.
The first study was conducted in 1997 by Jason F. Kraus, et al. with assistance from the CH2M (an engineering company), the Department of Civil and Environmental Engineering at the University of Wisconsin, the U.S. Army's Cold Regions Resource and Engineering Lab of Hanover, New Hampshire, and the Department of Civil Engineering at the Dokuz Eylul University, Buca-Izmir, Turkey.
63 The study started with a review of previous research that showed, with few exceptions, freeze-thaw cycles had an adverse impact of the hydraulic conductivity of regular compacted clay liners (i.e., increased leakage throughout the medium).
64 One notable exception was compacted liners that contained Ottawa sand and bentonite clay, which were able to weather the seasonal changes and even decrease hydraulic conductivity over time.
65
In the immediate study a mixture of sand and bentonite clay was used in combination with three different liner materials, two needle-punched liners and one with open weave and no needle-punching.
66 Laboratory and field tests were performed over the course of a year, with the longest freezing period around three and a half months.
67 By the end of the study each of the three geotextile layers had been exposed to five freeze-thaw cycles.
68 Analysis of laboratory testing showed no increase in hydraulic conductivity over any of the freeze-thaw cycles, however, unlike previously conducted experiments the hydraulic conductivity did not decrease after exposure to the cycles.
69
In field tests the liners were placed outdoors on a test pad where conditions other than weather changes could be monitored and controlled.
70 Water measurements were taken throughout the process, including after the first freeze resulting in the ground staying permanently frozen during thawing and immediately upon thawing. appreciable increase in hydraulic conductivity over the course of twenty freeze-thaw cycles.
72 Additionally, no desiccation cracks were noted. 73 In conclusion the structural integrity of both the field and laboratory tests were unaffected across the board after several successive freeze-thaw cycles.
74 While these results are encouraging the authors of the study stress that these findings represent only a small snapshot of time and situational climactic events, and should not be taken as the general rule in geotextile utilization.
75
C. Second study comparing numerous freeze-thaw cycles' effects on geotextile performance
The second study also centered on freeze-thaw cycles and was conducted by R. K. Podgorney and J. E. Bennett, at the Idaho National Laboratory, with assistance from CH2M.
76 The laboratory used a flexible wall permeameter, in effect replicating the materials of a geotextile.
77 In contrast to the earlier study, the three liners used in this experiment were subjected to a total of 150 freeze-thaw cycles, with measurements taken at intervals of 3, 9, 15, 21, 30, 45, 75, 100, 125 and 150 cycles. 78 Importantly, in this study deionized water was used to saturate the simulated geotextile layers, as a cation exchange was already found to alter hydraulic conductivity, and the laboratory wanted to control for only the effect of freezing and thawing.
79
The study showed that hydraulic conductivity started relatively low and tended to decrease over time.
80 Within the first three freeze-thaw cycles, some decrease in hydraulic conductivity was observed, which the researchers maintain was based on the reordering of the materials within the bentonite layer itself.
81 Perhaps the easiest parallel to draw in order to explain the mechanics of this reordering is a comparison to the video game Tetris, where the different pieces must be placed in the correct order to establish a uniform whole. In this manner the microadjustments made within the membrane effectively reduced the number of micropores in the membrane.
82 This study, in combination with the one done above shows the advantages of geotextile use in areas subjected to multiple freeze-thaw rotations over time, more commonly found in the northern United States. This finding, however, does not diminish their utility in the southern United States, which can still expect several freeze-thaw cycles in a typical year. 
D. Study of hydraulic conductivity in geosynthetic clay liners when permeated with a hyperalkaline solution
A second study conducted by C. H. Benson of the Geological Engineering Department at the University of Wisconsin, A. H. Oren of the Department of Civil Engineering at Dokuz Eylul University, Buca-Izmir, Turkey, and W. P. Gates of the Monash University, Department of Civil Engineering, Melbourne, Australia, looked at the effect of exposing bentonite geotextile liners to hyperalkaline (substances with a pH significantly above 7) solutions in comparison to deionized water.
83 As mentioned earlier, bentonite clay has a unique reaction to water, allowing it to seal small gaps that may develop over time. However, as this study sought to clarify, the chemical reaction that is responsible for bentonite's sealing properties stems from sodium found within the clay layer, which can be disrupted by solutions with certain chemical properties.
84
To determine the effect of a hyperalkaline solution on bentonite geotextile liners the team of researchers exposed three geotextile liners containing bentonite clay to three distinct solutions. 85 The first solution was a control of deionized water, or water with a pH of nearly perfectly 7.
86 The other two solutions were both alkaline solutions, one containing 1.3 mM CsCl and one containing 1.3 mM CsCl and 1M NaOH.
87 The second solution was designed to mimic the chemical properties of leachate resulting from aluminum mining, and the first solution was designed to study the effect of CsCl on the naturally occurring NaOH within the bentonite clay.
88
These solutions and geotextile liners were each exposed under laboratory conditions after having been premoistened.
89 After moistening the barrier, excess water was removed and the hypothetical leachate was applied on the top of the liner.
90
Any effluent was collected from beneath the liners in graduated cylinders for subsequent analysis.
91 The experiment was stopped at predetermined intervals to determine if time played a role in the determination of hydraulic conductivity and chemical composition. After the experiment was complete, tests including swell index, cation exchange capacity, chemical analysis, x-ray diffraction, and scanning electron microscopy were performed to yield results.
92
The results of the study found that after each of the three geotextiles were subjected to a different solution the liner exposed to both CsCl and NaOH showed a gradual increase in hydraulic conductivity.
93 The other solution containing only
CsCl did not show a statistically significant increase in hydraulic conductivity, indeed, a small decrease occurred. 94 The decrease was likely due to either to an elution of salts within the bentonite layer or biological growth within the layer essentially impacting hydraulic conductivity.
95 In contrast, the hydraulic conductivity of the CsCl/NaOH solution was a factor of 7.6 higher than that of deionized water.
96
It is important to note in this study that this solution was only one of a possible medley of chemicals that can be found at deposition sites across the world. As the exact chemical nature of waste disposal sites can only be determined before any deposition occurs, as chemical reactions of deposited material may yield unforeseen compounds, it is therefore vital to analyze all materials in conjunction with the proposed storage methods in order to yield maximal containment. Industries yielding such waste should be on notice that the compounds they dispose of can cause complications in landfills that may lead to a gradual increase in leachate production.
E. Georgia study
In an effort to contrast studies discussed earlier centering on the effect of freezethaw cycles in the northern United States on geotextile liners, we now turn to more local study in order to illuminate how regular compacted clay liners in the southeastern United States behave in humid conditions. A study was conducted in southern Georgia by William H. Albright, et al. on the effect of ambient humidity on the hydraulic conductivity on landfill final covers, using data gathered from field performance tests.
97 In relatively humid environments like the southeastern United States, it was thought that the risks of desiccation cracks were lower than in dryer areas; however, as the study demonstrated, this is not always the case. Although the study was conducted in 2006, when geotextile layers were well-known, compacted clay liners are still present throughout the southern United States as old deposit sites are not removed once filled, newer ones are created.
98
This study centered on a compacted clayed sand cap, a standard consistent with the minimum requirements stipulated in both the Resource Conservation and Recovery Act's and the Georgia Department of Natural Resources relevant sections pertaining to unlined containment facilities.
99 Two layers were constructed for analysis, the first being a 450 mm compacted clayed sand barrier overlain by a second 150 mm uncompacted clayed sand barrier. sand was placed under the other two layers to simulate soil beneath the cap system, to allow any leachate to have a medium in which to collect.
101
At the beginning of the study researchers compacted three separate soil layer sections to required densities, seeded them with local grasses, and prepared instruments to monitor data produced from the samples, like water balance, surface runoff, and water content.
102 A sampling program was also conducted in order to analyze changes in soil structure throughout the study, like the presence of desiccation cracks, root intrusion, or other morphological changes.
103 The experiment consisted of four samples taken from each of the three lifts immediately upon soil placement, and two samples from each lift taken at later intervals to track changes.
104
The Georgia study lasted a total of forty-six months, or almost four years. As the site was deconstructed, final samples were taken for analysis.
The results of the study showed that in a regular compacted clay liner, drying and wetting gave rise to microfissures in the containment layer that led to a fourfold increase in hydraulic conductivity.
105 Drainage increased dramatically following the fall of 2000, when a significant drought occurred, resulting in desiccation cracks forming.
106 Following this period of drought the amount of drainage relative to the amount of rainfall received also increased, likely due to the presence of cracking that was either created or exacerbated by the drought.
107 This increase in drainage after a minor drought did not correct itself and persisted until the study was completed.
108 That dramatic increases in hydraulic conductivity are seen in areas that are commonly subjected to drought, like the southwestern United States, is perhaps self-apparent; however, the findings in this study argue strongly that clay liners in areas that are not prone to drought can be adversely affected by shorter periods without rain.
Analysis of the soil structure found using the location of dyes put into the top layer of clayed soil revealed infiltration through numerous cracks throughout the layer.
109 The widespread nature of the cracks likely accounted for the high level and sustained nature of hydraulic conductivity, as the rate of drainage did not change depending on the amount of precipitation.
110 Pooling around the base of the layer also indicated that the hydraulic conductivity was sufficiently high to allow excess to accumulate on the textile at the base of the layer.
111
These findings argue strongly in favor of adopting geotextile membrane enclosures around waste facilities, rather than keeping regular compacted clay liners. In states where geotextile liners are already required for some waste management activities, like North Carolina, older landfills must be routinely checked for fissures or root intrusion in order to maintain optimal levels of containment and prevent harmful leaks to groundwater. Next, the findings from all the previously discussed studies are synthesized to form a consensus and recommendation in favor of when and how to adopt geotextile liners over standard compacted clay layers.
F. Synthesis of studies on the use of geotextile liners
Ultimately, in the case of coal ash disposal techniques, geotextile liners seem to provide the current best choice of liner. However, several considerations must be taken into account to achieve maximum containment. Proper procedures in transportation and placement must be followed, along with proper overlap and connection practices, in order to minimize possible shearing before the waste is even placed. Site placement is another important consideration, with areas in close proximity to water resources, either above ground or below, being a priority to avoid. Ease of access as well as hydration of the coal ash prior to transport can reduce the risk of leakage.
Before either compacted clay or geotextile liners are placed at a waste disposal site the constituent chemical components must be taken into account. Not only should the principal components be analyzed to determine if they will produce a result similar to the hyperalkaline study discussed above, but also the naturally progressing derivatives of the principal components that form over time as they biodegrade. If this is found to be the case then proper disposal measures should be undertaken, like multiple layers of liner or finding a way to render the triggering chemical inert within the disposal area.
North Carolina has taken a satisfying step forward in its attempt to recycle coal combustion residuals in a meaningful manner, and if proper containment procedure are followed everyone involved in the process can benefit from the products of fossil fuel combustion. Structural fill operations, if conducted with proper safety measures, offer a beneficial alternative to disposal, not only to energy resources, but also the state government in terms of cost saving in construction projects. Ultimately, as technology improves perhaps another method of disposal will present itself, but for the immediate future structural fill sites lined with geotextile liners are the safest, most environmentally and economically responsible solution to the problem of coal combustion residuals in the southeastern United States.
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